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There are several known methods to reduce the supply line current 
problem. Extra filtering, consisting of reactors and capacitors, can be used- 
One known solution Is the so-called PFC (Power Factor Correction) circuit 
shown in Fig. 2d. (t consists of a reactor L21, a diode D21 and a semiconductor 
5 switch V21 such as IGBT. The switch V21 is controlled so that the reactor cur- 
rent is as close as possible sinusoidal and in phase with the line voltage Uin 
(see Fig. 2b). When using PFC the the DC intermediate circuit voltage Udc is 
normally constant and higher than the peak value of the line voltage. EP**A2- 
1170853 discloses a single-phase AC-DC converter including a PFC power 
10 supply section, where a rectified current obtained by rectifying an electric cur- 
rent from an AC supply is switched, a DC-DC power supply section, where a 
direct current obtained by rectifying and smoothing an electric current from an 
AC supply IS switched, a first switching element for conducting a switching op- 
eration In the PFC power supply section, a second switching element for con- 
is ducting a switching operation In the DC*DC power supply section, a drive pulse 
generating circuit for generating first drive puises for driving said first switching 
element and second drive pulses for driving said second switching element and 
a sen^o loop for controlling the drive pulse generating circuit. 

Prior art solutions aim at maintaining a constant voltage Udc in the 
20 DC intermediate circuit by using a high-capadtance DC intermediate capacitor 
Cdc as an Intemiediate energy storage* The ratings of the capacitors are gen- 
erally determined by the capacitors' ability to withstand the electric current ripple 
and voltage loading applied to them and the required service lifetime. These 
requirements cause that the DC capacitor components are normally bullcy and ] 
25 expensive. 

Further, the line cun-ent in the supply AC mains in the prior art fre- 
quency converters is neither sinusoidal nor in phase with the supply voltage. 
For this reason the prior art single phase frequency converters can be provided 
with an active PFC (Power Correction Factor) circuit 15 in order to make the 

30 input current sinusoidal and to compensate the power factor so that the line cur- 
rent will be in phase with the line voltage. However, such PFC circuits make the 
frequency converter more expensive and complicated. 

The object of the prior art frequency converter is to control the out- 
put voltage Uout so that the motor shaft torque is as smooth as possible. On the 

35 other hand It is known that In most applications where one phase motors have 
been used, like e.g. In pump and fan drives, the shaft torque doesn't need to be 
smooth. This Is obvious according to the one phase motor signal waveforms 
presented in Fig. 3, where u = line voltage, I = line current and P = motor power ' 
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FREQUENCY CONVERTER AND ITS CONTROL METHOD 



The present invention relates to a voltage controlled PWM (Pulse 
Width Modulated) frequency converter comprising a single phase rectifier 

5 bridge, a DC intermediate circuit and a controlled Inverter bridge for generating 
an AC" output voltage with varying voltage and frequency. The present invention 
also relates to a method for contrcriling such a frequency converter. 

Fig. la presents a prior art single phase P\NM frequency converter. 
It comprises a rectifier bridge 10 for rectifying an AC voltage Um of a supply line 

10 to a DC voltage Udc for a DC Intermediate circuit 1 1 and an inverter bridge 12 
for the Inversion of the intermediate circuit DC voltage Udc Into a single phase 
or three phase variable frequency AC voltage Uout. Such single phase frequency 
converter may be connected to small single or three phase AC loads, such as a 
pump or fan motor 13. The inverter bridge may be a full-wave bridge with pulse- 

16 width-modulated semiconductor switches V1 1 to V1 6. such as IGBTs. and fly- 
wheel diodes D1 1 to D16 coNnnected in inverse^parailel with the semiconductor 
SMritches. The semiconductor switches V11 to V16 are controlled with pulse- 
width modulation by means of a PWM control unit 14. The rectifier bridge may 
be a full-wave diode bridge with four diodes 01 to D4 connected to the phase 

20 and neutral tines of the AC supply voltage Uin. 

Rg. 1 b presents some typical signal waveforms of a prior art single 
phase converter. The target of the motor control is nonmally to get the motor 
shaft torque to be as constant as possible in a constant operation point. For 
this target it is good if the DC intermediate circuit voltage is constant, because 

26 then the fomnation of the exact output voltage Uout which is essential in deter- 
mining the motor shaft torque. Is easier. This is why the capacitance of the DC 
intermediate circuit capacitor Cdc is nomiaily dimensioned to be very lai^e. The 
DC intermediate circuit cunrent Idc consists of pulses according to the inverter 
PWM operation. When the voltage Udc is constant and the motor operation 

30 point stable, the pulse train Idc is quite constant like shown in Fig. 1 b. 

The smooth DC intermediate circuit voltage causes that the rectio 
tied supply AC voltage Um is only very ^ort periods higher than the DC voltage 
Udc. This causes that the supply phase current waveform Is very narrow and 
high pulse accoiding to Fig.1 b, because the current can flow only when Um is 

35 higher than Udc. This kind of line cunnent wavefonn causes problems e.g. in 
component dimensioning and it can cause electric noise probems in the supply 
lln . 

£PO - DG 1 
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(P » u*i). Because both the voltage and current are sinusoidal, aiso the power 
fed to the motor is sinusoidal. Nonmally the load inertia is so high that the shaft 
speed remains about constant, which means that also the shaft torque fluctua- 
tion is similar to that of the power (P - coT, where co is the shaft angular speed). 
5 The object of tfie present invention is to eliminate the drawbacks of 

prior*art solutions especially in applications which allow high fluctuation in the 
shaft torque and to achieve a control anangement that will minimize the capaci- 
tance of the DC intermediate capacitor even by a factor of 20 or more compared 
with the prior art capacitors. 
10 A further object of the present invention is to achieve a control ar- 

rangement wherein the inventive PWM oontroller produces at least nearly sinu- 
soidal line cunent. 

In the present invention the frequency converter is controlled so 
that the cun/e of filtered average current in the DC intermediate circuit follows 
15 the curve of the rectified AC supply voltage. Further, the rectifier bridge Is con- 
nected to the inverter bridge directly without a DC capacitor unit acting as an 
intermediate energy storage. Therefore also the line current is sinusoidal and Is 
in phase with the line voltage so that the power factor coscp = 1 without a sepa- 
rate PFC circuit. The curve of the DC intermediate voltage follows the cun/e of 
20 the rectified s inusoidai t ine voltage. The curve o f the a ctive power fed to the 
load (and aiso the curve of the torque when the rotation speed is assumed to be 
constant) has the form sin^(2 ti f t) (f » line frequency, t » time). 

The present invention is in detail defined in the attached claims. 

As it is according to the present invention possible to connect the 
25 rectifier bridge to the inverter bridge directiy without a DC capacitor unit acting 
as an intermediate energy storage, the DC intermediate capacitor Cdc and also 
the physical dimensions of the frequency converter can be minimized. 

Although the frequency converter according to the present inven- 
tion requires no capacitor for smoothing the intermediate circuit DC voltage, a 
30 capacitor with a low capacitance value may still be used in order to limit the 
voltage spikes produced in switching situations by the energy latent in the stray 
inductances of the DC intemnediate circuit Similariy, a filter unit consisting of 
inductors with a low inductance value and capacttors with a low capacitance 
value may be used on the supply line side to filter high-frequency harmonics 
35 from the supply cun^ent 

In the following, preferred embodiments of the present invention will 
be described in detail by reference to the dra>Adng$, wherein 

Rg. 1a presents a prior art single phase PWM frequency conv rter, 
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Fig. 1b illustrates typical waveforms of th line current and voltage 
and the DC intermediate current and voltage in a prior art single phase PWM 
frequency converter. 

Fig. 2a presents a prior art single phase PWM frequency converter, 
5 where the line current waveform has been improved by using a PFC circuitp 

Rg. 2b illustrates typical waveforms of the line current and voltage 
and the DC intermediate voltage In a prior art single phase PWM frequency with 
a PFC circuit, 

Fig. 3 illustrates typical waveforms of the line current and voltage 

10 and power of a one phase motor connected to a one phase line 

Fig, 4a presents a single phase PWM frequency converter, accord- 
ing to the present Invention, 

Fig. 4b illustrates typical waveforms of the line current and the DC 
Intermediate current and voltage in a single phase PWM frequency converter 

1 5 according to the present invention, 

Fig. 4a presents a single phase PWM frequency converter accord- 
ing to the present invention. As in the prior art (see Fig. la), it comprises a recti- 
fier bridge 10 for rectifying an AC voltage Um of a supply line to a DC voltage 
Udc for a DC intermediate circuit 1 1 and a three phase inverter bridge 12 for the 

20 inversion of the intermediate circuit DC voltage Udc into a single phase or three 
phase variable frequency AC voltage Uout* The frequency converter is con- 
nected to small three phase AC loadp such as a pump or fan motor 13. The in- 
verter bridge is a full-wave bridge with pulse-width-modulated semiconductor 
switches V1 1 to V16, such as IGBTs. and flywheel diodes D11 to 016 con- 

25 nected in inverse-parallel with the semiconductor switches. The semiconductor 
switches V1 1 to VI 6 are controlled with pulse-width modulation by means of a 
PWM control unit 14- The rectifier bridge may be a fulUwave diode bridge with 
four diodes D1 to D4 connected to the single phase AC supply voltage Urn. A 
small capacitor Cdc, which doesn't work as an energy storage but only reduces 

30 voltage spikes during IGBT switching, is connected in the DC intermediate cir- 
cuit and a small reactor Lac can be connected between the supply voltage U^n 
and the rectifier bridge in order to reduce high-frequency harmonics and noise 
caused by the frequency converter operation to the line* 

According to the Invention the output voltage and frequency of the 

35 frequency converter are controlled so that the curve of filtered average current 
Idc in the DC intermediate circuit follows the curve of the rectified AC supply 
voltag Udc, Further, because there is no energy storage capacitor in the DC 
intemnediiate circuit also the line current Im is sinusoidal and is in phase with th 
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line voltage so that ttie power factor coscp = 1 , Also the curve of the DC Inter- 
mediate voltage Udc follows the curve of the rectified sinusoidal line voltage 
(see figure 4b). Because both the DC intermediate circuit voltag Udc and cur- 
rent Idc follow the line voltage sinuaoidal waveform, the curve of the power fed to 

5 the motor (and also the curve of the torque when the rotation speed is assumed 
to be constant) has the fomn $in^2 it f t) (f » line frequency, t - time). 

For the proper operation of the ^quency converter the motor has 
to be controlled so that the fundamental wave of the output voltage i s main- 
tained essentially in a right value determined by the motor operating point. It 

10 may be controlled e.g. so that in average the relation Uou^fout .where Ugyt is the 
output voltage and fout the output frequency, is kept constant. 

The control unit 14 has thus two main tasl<s according to this inven- 
tion; it has to control the output voltage and frequency so that the average volt- 
age value is con^ct and the average DC intermediate circuit current IoIIom^ the 

1 s rectified line voltage wavefomi. 

The motor can be either a single phase or three phase^motor. In the 
single phase operation Qie phase into which a start capacitor is normally con- 
nected is controlled at the start with the third phase switch of the inverter In or- 
der to produce a sufficient start torque. A separate start capacitor is thus not 

20 needed. 

It is obvious to the person sidlled in the art that the embodirnents of 
the invention are not restricted to the examples presented above, but that they 
can be varied within the scope of the following claims. Besides IGBTs, the ftjily 
controllable semiconductor switehes used may also consist of other fully grld- 
25 controlled semiconductor switches, i.e. switches that can be turned on and off, 
such as MOSFETs. 
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CLAIMS 



1 . Method of controirmg a voltage controlled PWM (Pulse Width 
Modulated) frequency converter comprising a single phase rectifier bridge (10) 

5 connectabie to a sinusoidal single phase supply, a DC intermediate circuit (1 1 ) 
and a controlled inverter bridge (12) for generating an AC output voltage with 
varying amplitude and frequency to a load, 

said inverter bridge (12) having PWM controlled semiconductor 
switches {V1 1-V16) and flywheel diodes (D1 1-D16) connected in inverse- 
10 parallel with the semiconductor switches, 

wherein the DC intermediate circuit (1 1) is provided with a DC ca- 
pacitor unit, and 

wherein the frequency converter is controited so that the supply line 
cun-ent (Im) is essentially sinusoidal and in phase with the supply line voltage 

15 (Uin), 

charactertcod in that 

the inverter bridge is controlled so that the cun^e of filtered average 
current (Idc) in the DC intermediate circuit follows essentially the curve of the 
rectified AC supply voltage (U^^). and 
20 the rectifier bridge Is (10) connected to the inverter bridge (12) di- 

rectly without a DC capacitor unit acting as an intermediate eneiigy storage, and 

the curve of the power fed to the load has essentially the form 
sin^(2 n f t) (f = line frequency t = time). 

2. Method as defined in claim 1 , characterized in that the DC ca- 
25 pacitor unit with a low capacitance value Is used in order to limit the voltage 

spikes produced in switching situations. 

3. Method as defined in claim 1 , characterized in that two phase 
switches of the Inverter bridge are connected to a single phase motor windings 
and the third phase switch is used to produce a sufficient start torque through 

30 the third phase winding in order to avoid a use of a separate start capacitor In 
the motor. 

4. A voltage controlled PWM (Pulse Width Modulated) finequency 
converter comprisirtg a single phase rectifier bridge (10) connectabie to a sinu« 
soldal single phase supply, a DC Intermediate circuit (11), a controlled inverter 

35 bridge (12) for generating an AC output voltage with varying frequency to a load 
and a PWM controller unit (14). 
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said inverter bridg (12) having PWM controlled semiconductor 
switches (V11-V16) and flywheel diodes (D11-D16) connected in inverse- 
parallel v\rith the semiconductor switches, 

wherein the DC intemiedidte circuit (11) is provided with a DC ca- 
5 pacftor unit, and 

wherein the PWM controller unit (14) controls the frequency con- 
verter so that the supply line current (lin) is essentially sinusoidal and In phase 
with the supply line voltage (Urn)p 
characterized In that 
10 the PWM controller unit (14) controls the inverter bridge so that the 

cun/e of filtered average current (l^c) in the DC intemiediate circuit follows es- 
sentially the curve of the rectified AC supply voltage (Udc)T and 

the rectifier bridge is (10) connected to the inverter bridge directly 
without a DC capacitor unit acting as an intemiediate energy storage, and 
15 the curve of the power fed to the load has essentially the form 

sin^(2 It f t) (f = line frequency t = time). 

5. A voltage controlled PWM (Pulse Width Modulated) frequency 
converter as defined in claim 4. characterized in that rt comprises a DC ca- 
pacitor unit with a low capacitance value for limiting the voltage spikes produced 
20 in switching situations. 

6- A voltage controlled i^M (Pulse Width Modulated) frequency 
convert:er as defined In claim 4, characterized in that it comprises a filter unit 
consisting of inductors with a low inductance value and capacitors with a low 
capacitance value on the supply line side to filter off high-frequency harmonics 
23 from the supply cunrent. 

7. A voltage controlled PWM (Pulse Width Modulated) frequency 
converter as defined in claim 4, characterized in that two phase switches of the 
inverter bridge are connected to a single phase motor windings and the third 
phase switch is used to produce a sufficient start torque through the third phase 
30 winding in order to avoid a use of a separate start capacitor in the motor. 
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(57) ABSTRACT 

Method of controlling a voltage controlled PWM (Pulse 
Width Modulated) frequency converter comprising a single 
phase rectifier bridge (10) connectable to a sinusoidal sin- 
gle phase supply, a DC intermediate circuit (11) and a 
controlled inverter bridge (12) for generating an AC output 
voltage with varying amplitude and frequency to a load» 
said inverter bridge (12) having PWM controlled semicon- 
ductor switches (V11-V16) and flywheel diodes (D11-D16) 
connected in inver^e^parallei with the semiconductor 
switches, wherein the DC intemiediate circuit (1 1) is pro- 
vided with a DC capacitor unit, and wherein the frequency 

converter is controlled so that the supply line cunrent (Im) is ^ 
essentially sinusoidal and in phase with the supply line 

voltage (Um). The inverter bridge is controlled so that the ^^n^ 
curve of filtered average cunrent (Idc) in the DC Intennedl- 
ate circuit follows essentially the curve of the rectified AC 
supply voltage (Udc)» the rectifier bridge is (10) connected 
to the inverter bridge (1 2) directly without a DC capacitor 
unit acting as an intermediate energy storage, and the 
curve of the power fed to the load has essentially the form 
sin^(2 n f t) (f « line frequency t = time). 

Fig, 4a 
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